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Biosorption kinetics of Baker’s yeast in lead and copper waste water
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Abstract: The kinetics biosorption behavior of Baker’s yeast in the simulation heavy metal waste water of Pb>*-Cu®" was
investigated. The autoclaved Baker’s yeast was chosen as a biosorbent, and then the kinetics biosorption process and
second-kinetics model were analyzed, respectively. The results show that there is very good biosorption effect at first 60
min. At the same initial concentration for heavy metal ions, there are the relations: ¢ vy Dvcny  Dycnr)
The second-kinetics biosorption model’s analysis shows that the biosorption speed to Pb*" becomes rapid with the initial
concentration of Cu®’ increasing, proving that there is obvious advantage to Pb>" in the biosorption sites competition
process. And the analysis results of EDS approve it also. The analysis of SEM shows that the Baker’s yeast cells are
broken after the biosorption of Pb>* and Cu*" ions. The toxicity of heavy ions to yeast cells makes the cells distort and
break. The cytoplasm leaks out from the yeast cells. The biosorption of baker’s yeast to Pb?* and Cu®" is a rapid and
preferable process, and there is a more obvious advantage for Baker’s yeast to Pb*" than Cu®".
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Table 1 Calculation results of second-kinetics biosorption model to different waste waters of Pb>"-Cu*"
Cocpb?* )/ oicu®) / Cu®’ Pb>"
(mmol'L™") (mmolL™") 4 B qe K> R A B qe K, R?
0.5 7.967 0.251 3.986 0.008 0.994 1.034 0.045 22.272 0.002 0.998
1.0 —4.999  0.356 2.809 —0.025  0.999 1.105 0.064 15.721 0.004 0.999
- 2.0 —2.557 0.233 4296 —0.021 0.999 1.765 0.101 9.913 0.006 0.999
4.0 -1.199  0.111 9.038 -0.010  0.999 1.140 0.167 6.003 0.024 1.000
0.5 10.549 0202 4956  0.004  0.994 0.738 0.025  40.766  0.001 0.998
1.0 -3.550 0.255 3919 -0.018 0.999 1.146 0.031  32.113  0.001 0.997
b0 2.0 —3.532 0.200 4998 —0.011 0.999 2.061 0.042  23.697  0.001 0.994
4.0 =5.736 0.145  6.898 —0.004 0.999 0.718 0.082  12.212  0.009 0.998
0.5 7.202 0310 3.223  0.013  0.9% 0.639 0.020  49.900  0.001 0.996
1.0 —6.386 0.344 2903 -0.019 0.999 0.276 0.024  42.017  0.002 1.000
20 2.0 -14.171 0.321 3.118  -0.007  0.999 0.735 0.026  37.893  0.001 0.997
4.0 -4.398 0.129  7.760 —0.004  0.999 0.935 0.034  29.394  0.001 0.994
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Fig.5 EDS analyses of Baker’s yeast after absorption for 24 h
in different ions systems: (a) Cu"; (b) Pb*"; (¢) Pb*-Cu?"

1)

44(pv>-cu®h)
Pb2+

9icu?)

60 min

9,(pb*)
Cu2+

Pb2+

2) Cu**
Pb** K, h

Cu2+ Cu2+

Pb*" Pb*"

EDS

3) SEM Cu**  Pb*

4) Cu®* Pb*

Pb**
REFERENCES

[1] PENG Chang-sheng, MENG Hong, SONG Shao-xian, LU
Shou-ci, LOPEZ-VAIDIVIESO A. Elimination of Cr( ) from
electroplating wastewater by electrodialysis following chemical
precipitation[J]. Separation Science and Technology, 2004, 39(7):
1501-1517.

[2] BERBER-MENDOZA M S, LEYVA-RAMOS R, ALONSO-
DAVIL A P, FUENTES-RUBIO L, GUERRERO-CORONADO
R M. Comparison of isotherms for the ion exchange of Pb( )
from aqueous solution onto homoionic clinoptilolite[J]. Journal
of Colloid and Interface Science, 2006, 301 (1): 40—45.

[3] DING Shao-lan, ZHAO Quan-yong, REN Hui-jun, ZHAO
Chuan-chuan, JING Ya-zhuo. Experimental study of separating
Cr( ) using a mixed carrier emulsion membrane[J]. Journal of
the Society of Leather Technologists and Chemists, 2005, 89(3):
111-116.

[4] BERNARD S, FAUCHALIS P, JARRIGE J. Process achievement
for the treatment by transferred arc of fly ashes from waste
incenerators by on line measurement of heavy metal
evaporation[J]. High Temperature Material Processes, 2001, 5(2):
181-194.

[5] WATANABE T, JIN H W, CHO K J, KURODA M. Application
of a bio-electrochemical reactor process to direct treatment of
metal pickling wastewater containing heavy metals and high
strength nitrate[J]. Water Science and Technology, 2004, 50(8):
111-118.

(] , ; , ) ;

- [J].
18(10): 1945-1950.
DAI Shu-juan, WEI De-zhou, BAI Li-mei, ZHOU Dong-qin,

, 2008,

WANG Yu-juan, LIU Wen-gang. Removing cadmium from
cadmium-containing electroplating wastewater by biosorption-

sedimentation[J]. The Chinese Journal of Nonferrous Metals,



794

2010 4

(7]

(8]

(9]

[10]

[11]

2008, 18(10): 1945-1950.

SILVA E A, COSSICH E S, TAVARES C G, CARDOZO F L,
GUIRARDELLO R. Biosorption of binary mixtures of Cr(III)
and Cu( ) ions by Sargassum sp[J]. Brazilian Journal of
Chemical Engineering, 2003, 20(3): 213—-227.

AKAR T, TUNALI S. Biosorption characteristics of Aspergillus
flavus biomass for removal of Pb( ) and Cu( ) ions from an
aqueous solution[J]. Bioresource Technology, 2006, 97(15):
1780—-1787.

CHEN Xin-cai, SHI Ji-yan,CHEN Ying-xu, XU Xiang-hua, XU
Sheng-you, WANG Yuan-peng. Tolerance and biosorption of
copper and zinc by Pseudomonas putida CZ1 isolated from
metal-polluted soil[J]. Canadian Journal of Microbiology, 2006,
52(4): 308-316.

TUNALI S, AKAR T, OZCAN A S, KIRAN I, OZCAN A.
Equilibrium and kinetics of biosorption of lead( ) from aqueous
solutions by Cephalosporium aphidicola[J]. Separation and
Purification Technology, 2006, 47(3): 105—112.
ALIMOHAMADI M, ABOLHAMD G, KESHTKARA. Pb( )
and Cu( ) biosorption on Rhizopus arrhizus modeling mono-
and multi-component systems[J]. Minerals
2005, 18(13/14): 1325-1330.

KIRAN I, AKAR T, TUNALI S. Biosorption of Pb( ) and

Engineering,

Cu( ) from aqueous solutions by pretreated biomass of

[13]

[14]

[15]

[16]

[17]

Neurospora crassa[J]. Process Biochemistry, 2005, 40(11):
3550-3558.
DURSUN A Y. A comparative study on determination of the
equilibrium, kinetic and thermodynamic parameters of
biosorption of copper( ) and lead( ) ions onto pretreated
Aspergillus niger[J]. Biochemical Engineering Journal, 2006,
28(2): 187-195.
OZER A, OZER D. Comparative study of the biosorption of
Pb( ), Ni( )and Cr( ) ions onto S-cerevisiae: Determination
of biosorption heats[J]. Journal of Hazardous Materials, 2003,
100(1/3): 219-229.
HAN Run-ping, LI Hong-kui, LI Yan-hu, ZHANG Jing-hua,
XIAO Hui-jun, SHI Jie. Biosorption of copper and lead ions by
waste beer yeast[J]. Journal of Hazardous Materials, 2006,
137(3): 1569—-1576.

> . [3].

, 2006, 26(1): 69-76.

CHEN Can, WANG Jian-long. Review on biosorption of heavy
metal by Saccharomyces cerevisiae[J]. China Biotechnology,
2006, 26(1): 69-76.
PADMAVATHY V, VASUDEVAN P, DHINGRA S C.
Biosorption of nickel(

Biochemistry, 2003, 38(10): 1389—1395.

) ions on Baker’s yeast[J]. Process



